
















transversality	 of	 the	 contents	 of	 each	 area	 of	 knowledge	 must	 be	 considered.	
This	paper	shows	how	the	integration	of	the	contents	of	different	areas	(such	as	
materials,	manufacturing,	design,	etc.)	is	performed	in	order	to	allow	students	to	
enhance	 their	 transversal	 skills.	 For	 this,	 a	 specific	 product	 is	 proposed	 as	
“learning	 object”.	 The	 analysis,	 to	 be	 made	 by	 the	 students,	 includes	 all	 the	
aspects	 regarding	 technical	 and	 economic	 feasibility,	 and	 manufacturing	
optimization	 of	 the	 product.	 	 The	 article	 also	 shows	 the	 analysis	 of	 the	 work	
environment	 and	 methodology	 established	 by	 an	 interdisciplinary	 group	 of	
university	 teachers	 from	 different	 areas:	 materials,	 manufacturing	 and	 design	
who	have	contributed	with	their	knowledge	in	the	specific	problem.	
	






Nowadays,	 engineering,	 broadly	 speaking,	 and,	 particularly,	 extensive	 research	 activities	 cannot	 be	
conceived	and	projected	without	a	multidisciplinary	approach	 in	which	different	 areas	of	 expertise	 are	





in	 which	 the	 departments,	 sometimes,	 fight	 for	 finding	 their	 working	 scope.	 The	 same	 skills	 to	 be	
developed	by	the	students	are	treated	by	different	areas	of	expertise	and,	consequently,	different	scopes,	
different	universities	or	simply	because	of	pure	availability	needs	of	lecturers	[3,	4].		
Coordination	between	teachers	of	different	subjects	 is	a	key	milestone	 in	teaching	of	 the	manufacturing	








but,	 nevertheless,	 in	 the	 professional	 activity	 of	 an	 engineer	 the	 problems	 are	 complex	 and	 require	 a	
global	knowledge	to	be	not	only	solved	but	also	tackled.	With	regard	to	manufacturing	technologies,	the	











perspective	 regarding	 some	 projects.	 Those	 projects	 deal	 with	 very	 significant	 forming	 processes:	
Traditional	processes	such	as	casting,	machining	and	plastic	deformation;	and	nontraditional	processes	as	





favored	 the	 use	 of	 interdisciplinarity	 in	 the	 process	 of	 decision‐making	 when	 looking	 for	 a	 solution.	
Previously	 to	 the	 beginning	 of	 work	 meetings,	 the	 teamwork	 was	 propitiated	 by	 having	 research	 line	






In	 the	 following	 step,	 the	 topics	 to	 be	 worked	 were	 defined	 by	 finding	 the	 common	 and	 particular	
elements	of	the	problems.	The	result	was	the	elaboration	of	a	so	called	“scope	statements”	of	the	different	
aspects	that	should	be	considered	for	the	work	with	the	students.		
In	 the	 example,	 a	 problem	 involving	 different	 areas	 of	 the	 industrial	 engineering	 is	 proposed:	 the	
manufacturing	of	an	aluminum	alloy	rigid	overhead	catenary	that,	in	contrast	to	a	conventional	one,	has	a	








































Si	 Fe	 Cu	 Mn Mg	 Cr	 Zn	 Ti	 Al	
0.20–0.60	 0.35	 0.10 0.10 0.45–0.90 0.10 0.10 0.10 rest	
	






























C	 Si	 Cr	 Mo V	 Fe	
0.40	 1.00 5.20 1.30 0.95 rest
	
After	tempering	with	non‐forced	air,	hardness	in	between	44	and	52	HRC	are	obtained.	High	temperature	
quenching	 (below	 540°C)	 allow	 the	 material	 to	 keep	 the	 hardness	 obtained	 by	 tempering	 and	 its	
resistance	to	be	used	at	high	temperatures:	tools	made	with	H13	steel	can	be	used	with	temperatures	up	













the	 die	 at	 the	 output	must	 be	 taken	 into	 account	 to	 reduce	 torsions	 and	 other	 problems.	 The	
output	profile	is	not	obtained	in	this	step.	If	wire	electrical	discharge	machining,	as	is	the	case,	is	
considered	to	provide	the	 final	profile,	 the	hole	must	be	done	 in	order	 to	 introduce	the	wire.	 If	
other	procedure	is	considered	(for	instance,	laser	or	abrasive	water	jet	machining)	the	hole	is	not	
necessary.	
4. Stress	 relaxing	 procedures:	 After	 the	 intense	machining	 process,	 it	 is	mandatory	 to	 anneal	 the	
material	in	order	to	get	rid	of	inner	stresses	above	all,	as	in	this	case,	when	the	specimen	is	going	
to	 be	 tempered	 and	 quenched.	 Such	 stresses	 can	 be	 the	 origin	 of	 defects	when	 different	 local	
contractions	 and	 expansions	 are	 added	 in	 the	 tempering	 process.	 The	 procedure	 consists	 in	
heating	and	maintaining	for	two	hours	the	temperature	at	520°C.	Then,	a	long	cooling	in	a	furnace	
is	made.	
5. Tempering:	 Tempering	 is	 made	 by	 heating	 the	 piece	 in	 between	 995	 and	 1025°C.	 Such	 a	
temperature	is	maintained	for	30–45min	and	later	oil	cooling.	Cooling	is	interrupted	at	650°C	and	
cooling	 speed	 must	 be	 around	 25°C/min	 until	 650°C	 is	 reached.	 Thus,	 impact	 and	 quenching	
resistance	is	improved	but	strength	is	lightly	worse.	
6. Quenching:	 It	 is	mandatory	to	quench	the	specimen	after	tempering.	This	procedure	consists	 in	














affected	 zone	 can	 be	 neglected.	 High	 accuracy	 machining	 can	 be	 obtained	 but	 some	 manual	
trimming	could	be	used	[8].		
8. Nitriding:	 The	 procedure	 is	 performed	 by	 heating	 the	 die	 at	 about	 500°C	 in	 a	 furnace	 with	 a	
controlled	 atmosphere	 of	 ammonia	 (NH3);	 then	 air	 cooling.	 If	 the	 process	 is	 well‐done,	





improve	 the	 communication	 of	 transversal	 knowledge	 in	 engineering	 problems,	 especially	 in	
manufacturing	technologies.		
This	experience	has	allowed	the	authors	to	consolidate	a	workgroup	and	to	start	the	creations	of	what	we	
call	 “learning	 objects”	 as	 an	 instrument	 for	 teachers	 in	 their	 respective	 subjects.	 The	 interrelations	 of	
solutions	 are	 enhanced	 even	 with	 other	 areas	 of	 expertise	 different	 from	 the	 workgroup	 [10].	 The	
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